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© viscoelastic substance and objective lens driving apparatus with the 




© An objective lens driving apparatus includes an 
objective lens (1) held by a movable member (2). 
The movable member is supported on a base by a 
support mechanism to be movable in a predeter- 
mined direction. Magnetic filed forming unit (11a, 
11b. 12a, 12b, 13a. and 13b) is fixed to the base so 
as to apply a magnetic field to the movable member. 
2 Focusing coils (9a and 9b) and tracking coils (10a 
^and 10b) are fixed to the movable member to drive 
Wthe movable member In the predetermined direction 
Z*\n cooperation with the magnetic field. Viscoelastic 
substances (14a and 14b) for absorbing vibration of 
•"the movable member are arranged between the fo- 
jjjcuslng coils and the magnetic unit and between the 
tracking coils and the unit. The viscoelastic sub- 
© stance has a viscoelastic material and magnetic ma- 
Qjerial dispersed therein. 
UJ 
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Viscoeiastlc substance and objective lens driving apparatus with the same 



The present invention relates to a vlscoelastic 
substance and an objective lens driving apparatus 
used in an optical disk apparatus and provided with 
the substance. 

Optical disk apparatuses, for use as optical 
information processing apparatuses, are character- 
ized by their information storage capacities much 
greater than those of conventional magnetic record- 
ing apparatuses, and are presently used in various 
fields of application. Principally, these optical disk 
apparatuses have modem technical problems that 
they should be able to access desired information 
quickly and accurately, and to offer the information 
to users without delay. 

In order to accurately access recorded informa- 
tion on an optical disk with speed, an objective lens 
for accurately applying a light beam from a light 
source, such as a semiconductor laser, to a pre- 
determined position on the disk must first be quick- 
ly driven in the focusing or tracking direction of the 
disk. Many technical improvements have already 
been made on electromagnetic drive elements 
(e.g., voice-coil motor formed of a coil and a mag- 
netic circuit) for driving the objective lens, so that 
the lens can enjoy a sufficient driving force. 

On the other hand, the objective lens, which 
can be moved by means of such a sufficient driv- 
ing force, must be positioned (or stopped) quickly 
and accurately at a predetermined position. This is 
a second requirement for the quick and accurate 
access to the information on the optical disk. More 
specifically, fine residual vibrations produced in the 
objective lens must be removed for the quick and 
accurate positioning of the lens. As regards this 
requirement, however, there still is much room for 
improvement, and various investigations are pres- 
ently being made on the removal of fine vibrations. 

According to one of conventional methods for 
removing fine vibrations of the objective lens, a 
magnetic fluid is interposed between a coil on the 
movable side and a magnetic circuit on the fixed 
side. In this arrangement, the viscosity resistance 
of the magnetic fluid accelerates a damping effect 
between movable and fixed parts, so that fine vi- 
brations of the movable part can be absorbed at 
once. Due to the influence of a magnetic field 
generated by the magnetic circuit, moreover, the 
magnetic fluid can stay in magnetic gaps, so that 
the damping effect can be maintained for a long 
period of time. 

Using the magnetic fluid, however, a conven- 
tional objective lens driving apparatus has the fol- 
lowing problems. Since the magnetic fluid has a 
very great surface tension, it will gradually escape 
from the magnetic gaps if the gaps are relatively 



long. Moreover, the fluid may possibly evaporate or 
scatter during the operation of the optical disk 
apparatus. During prolonged use, therefore, the 
magnetic fluid is also likely to escape gradually 

s from the magnetic gaps. «Such an escape of the 
magnetic fluid is also attributable to a relatively 
small magnetic force of the magnetic circuit which 
Is designed for the drive of the objective lens. 
Thus, with use of the magnetic fluid, a pro- 

ro longed, steady vibration damping effect cannot be 
expected. Since the viscosity of the magnetic fluid 
greatly changes depending on a temperature 
change, furthermore, the vibration damping effect 
also changes. It is therefore difficult to use the 

75 magnetic fluid within a practical range of working 
temperature (-15 to + 60* C). Thus, the objective 
lens driving apparatus cannot easily effect control 
for the quick and accurate ^access to the target 
information. 

20 The present invention has been contrived in 
consideration of these circumstances, and its ob- 
ject is to provide a viscoelastic substance and an 
objective lens driving apparatus which facilitates 
control for a quick and accurate access to target 

25 information. 

In order to achieve the above object, according 
to the present invention, there is provided an objec- 
tive lens driving apparatus which comprises: an 
objective lens through which a light beam is ap- 

30 plied to a predetermined position on an optical 
disk; a movable member holding the objective lens; 
a coil mounted on the movable member; a mag- 
netic circuit for applying a magnetic field to the coil 
and driving the objective lens in a predetermined 

35 direction with respect to the optical disk; and a 
viscoelastic substance having a magnetic material 
dispersed therein and arranged between the coil 
and the magnetic circuit, fcr ^absorbing vibration of 
the movable member. 

40 According to the objective lens driving appara- 
tus constructed in this manner, the use of the 
viscoelastic substance not only produces a great 
damping effect, but also leads to an improvement 
in hysteretic characteristic or the relationship be- 

45 tween force and displacement. Thus, a prolonged, 
steady vibration damping effect can be expected, 
and control for a quick and accurate access to 
target information is facilitated. 

This invention can be more fully understood 

so from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
which: 

Figs. 1 to 6B show an objective lens driving 
apparatus according to a first embodiment of the 
present invention, in which Fig. 1 is a plan view of 



3 



EP 0 371 799 A1 



4 



the apparatus. Fig. 2 is a sectional view taken 
along line A-A of Fig. 1, Fig. 3 is a perspective 
view of the apparatus. Fig. 4A is a diagrammatic 
view showing a viscoelastic substance in a normal 
state, Fig. 4B is a diagrammatic view showing the 
viscoelastic substance in vibration. Fig. 5A is a 
diagram showing a hysteretic characteristic of a 
viscoelastic substance containing no magnetic par- 
ticles, with respect to a tracking direction, Fig. 5B 
is a diagram showing a hysteretic characteristic of 
a viscoelastic substance containing magnetic par- 
ticles, with respect to the tracking direction, Fig. 6A 
is a diagram showing a hysteretic characteristic of 
the viscoelastic substance containing no magnetic 
particles, with respect to the focusing direction, and 
Fig. 6B is a diagram showing a hysteretic char- 
acteristic of the viscoelastic substance containing 
the magnetic particles, with respect to the focusing 
direction; 

Figs. 7 to 9 show an objective lens driving 
apparatus according to a second embodiment of 
the invention, in which Fig. 7 is an exploded per- 
spective view of the apparatus. Fig. 8 Is a plan 
view of the apparatus, and Fig. 9 is a sectional 
view taken along line B-B of Fig. 8; 

Fig. 10 is a perspective view of an objective 
lens driving apparatus according to a third embodi- 
ment of the invention; and 

Rg. 11 is a perspective view of an objective 
lens driving apparatus according to a fourth em- 
bodiment of the invention. 

Preferred embodiments of the present inven- 
tion will now be described with reference to the 
accompanying drawings. 

Figs. 1 to 3 show an objective lens driving 
apparatus according to a first embodiment of the 
present invention. The driving apparatus comprises 
objective lens 1, through which a light beam from a 
light source (not shown) is applied to optical disk 
D, thereby recording on or reproducing information 
from the disk. Lens 1. which is fixed to movable 
member 2, is located at a predetermined distance 
from center M of inertia of member 2. Elastic hinge 
3, which is disposed on center M of movable 
member 2, has an axis of rotation parallel to the 
optical axis of objective lens 1. Movable portion 4 
of hinge 3 is fixed to movable member 2 by press 
fit or adhesive bonding. Proximal portion 5 of hinge 
3 is supported on fixed member 7 by means of two 
pairs of leaf springs 6a and 6b, which extend 
substantially at right angles to the optical axis of 
lens 1. Fixed member 7 is set upright on base 8. 
which is formed of a magnetic material. 

Thus, objective lens 1 is supported so as to be 
rotatable together with movable member 2. for a 
predetermined angle around center M of inertia, by 
the action of hinge 3, and movable along the op- 
tica) axis of lens 1 by elastic deformation of leaf 



springs 6a and 6b. Base 8 is supported so as to be 
movable in the radial direction of disk D by means 
of guide rails (not shown) or the like. 

Focusing colls 9a and 9b are fixed to those 

s portions of movable member 2 symmetrical with 
respect to center M of inertia. Likewise, two pairs 
of tracking coils 10a and 10b are fixed to member 
2 so as to be symmetrical with respect to center M. 
Each of focusing coils 9a and 9b is wound around 

io an axis parallel to the optical axis of objective lens 
1, i.e, Y-axis. Tracking coils 10a and 10b. which are 
wound around the X axis perpendicular to the Y- 
axis, are arranged outside focusing coils 9a and 9b. 
A pair of inner yokes 11a and 11b, which are 

75 set up on base 8, are inserted in focusing coils 9a 
and 9b, respectively, with predetermined gaps 
(magnetic gaps) between them. Further, a pair of 
outer yokes 12a and *2b are set up on base 8 so 
as to be located on either side of movable member 

20 2. Outer yoke 12a and inner yoke 11a face each 
other with coils 9a and 10a and a predetermined 
gap between them. Likewise, outer yoke 12b and 
inner yoke 11b face each other with coils 9b and 
10b and a predetermined gap between them. Per- 

25 manent magnets 13a and 13b are fixed to those 
surfaces of outer yokes 12a and 12b which face 
inner yokes 11a and 11b, respectively. Each mag- 
net is magnetized in the longitudinal direction of 
the magnetic gap between Its corresponding outer 

30 yoke 12a or 12b and tracking coils 10a or 10b. 
Thus. Inner yokes 11a and 11b, outer yokes 12a 
and 12b, permanent magnets 13a and 13b, and 
base 8 constitute a magnetic circuit 

Viscoelastic substances 14a are arranged in- 

35 dividually in the gaps between permanent magnet 
13a and tracking coils 10a and between focusing 
coil 9a and inner yoke 11a. Likewise, viscoelastic 
substances 14b are Airranged individually in the 
gaps between magnet 13b and coils 10b and be- 

40 tween inner yoke 11b and coil 9b. Substances 14a 
and 14b are formed of a gel, for example. In this 
embodiment, a gel containing silicone is used for 
the viscoelastic substances. For example, the ma- 
terial may be YE5818 or YSE3051 produced by 

45 Toshiba Silicone Co., Ltd. or SE1890 produced by 
Toray Silicone Co.. Ltd. Magnetic particles 15, such 
as ferrite particles or barium ferrite particles, are 
dispersed in viscoelastic substances 14a and 14b. 
It Is to be understood that any other materials than 

eo the aforesaid ones may be used for the viscoelastic 
substances and magnetic particles 15. 

According to the objective lens driving appara- 
tus constructed in this manner, movable member 2 
is moved in the Y-direction by electromagnetic 

55 force generated by energizing focusing coils 9a 
and 9b. Thereupon, objective lens 1 can be sub- 
jected to focusing control. 

By electromagnetic force generated by ener- 
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gizing tracking coils 10a and 10b, movable mem- 
ber 2 is rotated around Y-axis. Thereupon, objec- 
tive lens 1 can be subjected to tracking control. By. 
positioning lens 1 in this manner, a target informa- 
tion track of optical disk D can be accessed. 

The magnetic gaps between the permanent 
magnet and the tracking coils and between the 
focusing coil and the inner yoke are filled up with 
viscoelastic substances 14a or 14b. The damping 
effect of these viscoelastic substances, for use as a 
damping material, is greater than that of a mag- 
netic fluid. The use of viscoelastic substances 1 4a 
and 14b, moreover, produces a unique effect such 
that it improves the hysteretic characteristic 
(relationship between driving force and displace- 
ment) which conventionally is deteriorated as the 
damping effect Is improved. This effect is not limit- 
ed to the application of the present embodiment, 
and may also be obtained in the case where the 
viscoelastic substances are arranged between ob- 
jects which are relatively displaced in places sub- 
jected to magnetism, or where the viscoelastic sub- 
stances are magnetized before they are arranged 
between objects which are relatively displaced. 

Viscoelastic substances 14a and 14b have 
such a peculiar characteristic for the following rea- 
sons. In a norma! state (or when no external force 
is applied), as shown in the diagrammatic view of 
Fig. 4A, the positional relationships between mag- 
netic particles 15 in the viscoelastic substances are 
kept stable. In case of vibration (or when external 
force F is applied), as shown in Fig. 4B, the 
viscoelastic substances are deformed, so that the 
stable positional relationships between magnetic 
particles 15 are broken. The viscoelastic sub- 
stances are subjected not only to a restoring force 
attributable to their elasticity, but also to a restoring 
force attributable to the magnetic attraction be- 
tween dispersed magnetic particles 15. Thus, a 
force is generated in a direction such that the state 
of Fig. 4A is restored and there is no vibration. 
Since magnetic panicles 15 are coupled to their 
adjacent molecules of the viscoelastic substances, 
moreover, their relative positions cannot be shifted. 
Even though the external force acts on viscoelastic 
substances 14a and 14b, thereby producing vibra- 
tion therein, in this manner, the magnetic attraction 
produces the restoring force to quickly restore the 
stable state, so that hysteresis can be effectively 
restrained. Figs. 5A and 6A show experimental 
results of hysteretic characteristic comparison ob- 
tained with use of viscoelastic substances having 
no magnetic particles 15 therein, while Figs. 5B 
and 6B show results obtained with use of 
viscoelastic substances having magnetic particles 
15 dispersed therein. Figs. 5A and 5B show a case 
In which movable member 2 Is moved in the track- 
ing direction, while Figs. 8A and 6B show a case In 



which member 2 is moved in the focusing direc- 
tion. The curves shown in these four drawings 
represent the relationships between driving current 
(mA) and displacement (mm). A testing apparatus 
6 used is quite similar to the objective lens driving 
apparatus shown in Figs. 1 to 3. Table 1 shows 
testing conditions. 



io Table 1 

Viscoelastic Substances: YE5818 (Toshiba Silicone 
Co.. Ltd.) 

Magnetic Particles: Barium ferrite 
75 Rate of Dispersion of Magnetic Particles: 1% by 
weight 

Room Temperature: 23* C 
Humidity: 35% 

The difference in displacement at 0 mA be- 
so tween the hysteresis curves of Fig. 5A is 41 urn, 
and that between the curves of Fig. 5B is 33um. 
Thus, comparison between Figs. 5A and 5B In- 
dicates that the hysteresis is eased by the use of 
viscoelastic substances 14a and 14b. Further, the 

25 difference in displacement at 0 mA between the 
hysteresis curves of Fig. 6A is 147 urn, and that 
between the curves of Fig. 8B is 102 urn. Also in 
this case, comparison between Figs. 6A and 6B 
indicates a remarkable effect of the use of 

30 viscoelastic substances 14a and 14b. This unique 
effect can be detected despite changes of the 
various testing conditions, including the kind and 
dispersion ratio of the materials. 

The magnetic gaps between permanent mag- 

35 nets 13a and 13b and tracking coils 10a and 10b 
and between focusing coils 9a and 9b and Inner 
yokes 11a and 11b are too wide to securely hold 
conventional magnetic fluids, so that comparison 
related to use of the magnetic fluids in the same 

40 apparatus cannot be made. In general, however, a 
magnetic fluid cannot produce so great a damping 
effect as that of the viscoelastic substances. Thus, 
there is a great difference between the effects of 
the magnetic fluid and the viscoelastic substances. 

45 Such a novel property of viscoelastic sub- 
stances 14a and 14b can minimize fine vibrations, 
such as sympathetic vibrations, produced in mov- 
able member 2 of the objective lens driving ap- 
paratus. Since objective lens 1 can be positioned in 

so an instant, moreover, the time for the access to the 
target information on the optical disk is reduced, 
thus ensuring high-speed, high-accuracy control. 

As mentioned before, the viscoelastic sub- 
stances are located in the magnetic gaps. Thus, 

55 those regions which conventionally are magnetic 
gaps or voids can be replaced with the viscoelastic 
substances. Since magnetic particles 15 are dis- 
persed in the viscoelastic substances, furthermore, 
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magnetic flux passes through particles 15 without 
passing through air which has a great magnetic 
reluctance. Even though the length of the magnetic 
gaps is increased, therefore, the magnetic flux of 
the magnetic circuit can be effectively utilized. As 
the magnetic flux crossing the coils increases, the 
driving force of movable member 2 can be in- 
creased. Since viscoelastlc substances 14a and 
14b and magnetic particles 15 are electrically non- 
conductive, and therefore, are electrically insulated, 
they can be brought into contact with the coils 
without any trouble. Although the viscoelastic sub- 
stances are disposed between the coils and the 
magnetic circuit, they may alternatively be dis- 
posed, with the same result, between objects which 
are relatively displaced in places subjected to mag- 
netism, as mentioned before. Alternatively, more- 
over, the viscoelastic substances may be mag- 
netized before they are arranged between objects 
which are relatively movable. In this case, the 
viscoelastic substances can produce the aforesaid 
effects without being located in any places which 
are subjected to magnetism. 

Figs. 7 to 9 show an objective lens driving 
apparatus according to a second embodiment of 
the present invention. Objective lens unit 21. which 
includes a plurality of objective lenses and a body 
tube supporting the lenses, is held by means of 
movable member 22 which includes a cylindrical 
lens retaining portion and a cubic housing. Two 
tracking springs (leaf springs) 23a and 23b are 
fixed individually to two opposite side faces of 
movable member 22. Facing each other, springs 
23a and 23b extend parallel to the optical axis of 
lens unit 21. Movable member 22 is passed 
through hollow intermediate frame 24, and the re- 
spective lower ends of springs 23a and 23b are 
fixed to the inside of frame 24. Member 22 Is 
supported by springs 23a and 23b so that it can 
move relatively to intermediate frame 24. in the 
tracking direction (X-direction) which intersects the 
optical axis of objective lens unit 21 . Four focusing 
springs (leaf springs) 25, which extend parallel to 
one another in the Z-direction. are fixed individually 
the upper and lower surfaces of the opposite end 
portions of frame 24. One end of each spring 25 is 
fixed to fixed frame 26. Intermediate frame 24 is 
supported by leaf springs 25 so that it can move in 
the focusing direction (Y-dlrection) along the optical 
axis of lens unit 21. Fixed frame 26 is fixed to the 
upper surface of sub-chassis 27. 

Tracking coils 28, which are each wound in the 
form of a rectangular frame, are fixed individually 
to the two remaining side faces of movable mem- 
ber 22. Each coil 28 is wound around an axis 
perpendicular to the optical axis of objective lens 
unit 21. Permanent magnets 29a and 29b are op- 
posed to straight portions 28a and 28b, respec- 



tively, of each tracking coil 28 through which elec- 
tric current flows in the Y-dlrection. Magnets 29a 
and 29b are magnetized in opposite directions, and 
are fixed to yoke 30. 

s Focusing coil 31 is embedded in intermediate 

frame 24 by Injection molding or the like. Coil 31 is 
wound in the form of a rectangular frame around 
the optical axis of objective lens unit 21 so that 
electric current flows in the X-directlon perpendicu- 

io tar to the optical axis. Movable member 22. track- 
ing coils 28, permanent magnets 29a and 29b, and 
yokes 30 are arranged inside focusing coil 31. 
Permanent magnets 32 are opposed individually to 
the outer side faces of coil 31. Each magnet 32 is 

T5 retained by means of yoke 33. Yokes 30 and 33 
are fixed to pedestal 34, which is fixedly mounted 
on sub-chassis 27. 

Further, mirror 35 is fixed on sub-chassis 35. A 
laser beam emitted from a light source, such as a 

20 laser diode (not shown), is passed through the 
respective hollows of fixed frame 26 and pedestal 
34, and is reflected by mirror 35 to be delivered to 
objective lens unit 21, . 

Sleeve 36 is fixedho an end portion of sub- 

25 chassis 27 and slidably fitted on a guide shaft (not 
shown). Sub-chassis 27 is guided by the guide 
shaft to trace the track on optical disk D. 

The gaps between tracking coils 28 and per- 
manent magnets 29a and 29b and between focus- 

30 ing coil 31 and permanent magnets 32 are each 
filled up with viscoelastic substance 1 4 which con- 
tains magnetic particles. 

The following is a description of the second 
embodiment with the aforementioned arrangement. 

35 In an optical disk apparatus incorporating the 
objective lens driving apparatus, optical disk D is 
rotated by means of a motor (not shown), and sub- 
chassis 27 is moved in the direction perpendicular 
to the drawing plane of Fig. 9, thereby effecting 

40 playback operation. 

The laser beam emitted from the laser diode in 
the optical system is reflected by mirror 35, and is 
transmitted through objective lens unit 21 to be 
applied to a recordingfluiface of optical disk D. A 

« reflection of the laser beam from the recording 
surface is returned to an original path by mirror 35, 
and is detected by a photodiode in the optical 
system. The detected light is subjected to pho- 
toelectric conversion so that digital information re- 

50 corded on the recording surface of disk D can be 
read. 

In the playback operation described above, an 
error In the condition of application of the laser 
beam, compared with an ideal condition, is de- 
55 tected by processing the light detected by means 
of the photodiode. A resulting error detection signal 
Is transmitted to focusing coil 31 and tracking coils 
28 by means of a coil driver circuit. When electric 
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current flows in the X-direction through focusing 
coll 31, Intermediate frame 24 Is driven in the Y- 
dlrection by an electromagnetic force produced 
between this current and magnetic fields directed 
from permanent magnets 32 to yokes 33. Accord- 
ingly, the laser beam radiated from objective lens 
unit 21 is corrected so that its spot Is always 
focused on the recording surface of optical disk D. 
When current flows in the Y-directJon through 
straight portions 28a and 28b of tracking coils 28, 
movable member 22 is driven in the X-direction by 
an electromagnetic force produced between this 
current and magnetic fields formed by permanent 
magnets 29a and 29b to yokes 30. By this opera- 
tion, the laser beam spot is corrected so as to 
trace the track on the recording surface of disk D 
with accuracy. 

In the objective lens driving apparatus accord- 
ing to the present embodiment, the damping effect 
of viscoelastic substance 14. for use as a damping 
material, is greater not only than that of a magnetic 
fluid but also than that of a conventional 
viscoelastic substance. The use of viscoelastic sub- 
stance 14, moreover, produces a unique effect 
such that it Improves the hysteretic characteristic 
which conventionally is deteriorated as the damp- 
ing effect is improved. Such a novel property of 
viscoelastic substance 14 can minimize fine vibra- 
tions, such as sympathetic vibrations, produced in 
movable member 22 of the objective lens driving 
apparatus. Since objective lens unit 21 can be 
positioned in an instant, furthermore, the time for 
the access to the target information on optical disk 
D is reduced, thus ensuring high-speed, high-accu- 
racy control. 

Fig. 10 shows an objective lens driving appara- 
tus according to a third embodiment of the present 
invention. In the apparatus of this embodiment, 
objective lens 41 is guided by means of a slide 
bearing so that it can be driven in a predetermined 
direction. Lens 41 is fixed to movable member 42. 
Member 42 is supported by means of supporting 
shaft 43 which is set up on base 46 and extends 
parallel to the optical axis of lens 41. Thus, objec- 
tive lens 41, along with movable member 42. can 
both slide in the axial direction of shaft 43 and 
rotate around shaft 43, that is, it can enjoy a two- 
dimensional movement. Movable member 42 is 
fixedly mounted with focusing coil 44 wound ar- 
ound shaft 43 and a pair of tracking coils 45 
arranged symmetrically with respect to shaft 43, as 
well as objective lens 41. Each coil 45 is wound in 
the form of a rectangular frame around an axis 
perpendicular to shaft 43. Further, movable mem- 
ber 42 is connected to base 46 by means of elastic 
suspension 47 so that the motion of member 42 is 
subject to a restoring force. 

The axial movement of movable member 42. In 



the Y-dlrection or the focusing direction of objective 
lens 41, is caused by an electromagnetic force 
produced between electric current flowing through 
focusing coil 44. attached to the lower part of 

5 member 42, and a focusing magnetic circuit which 
is formed of permanent magnet 48 and yoke 49 
mounted on base 46. The drive of movable mem- 
ber 42 in the X-directlon or the tracking direction is 
caused by a couple of forces attributable to an 

io electromagnetic force produced between electric 
current flowing through tracking coils 45 and a 
tracking magnetic circuit which is formed of perma- 
nent magnets 50 and yokes 51 mounted on base 
46. A vibration system Is constructed by the mass 

rs of all the moving parts and the springiness of 
suspension 47 for providing a mechanical neutral 
position in the two-dimensional movement. In this 
vibration system, however, only suspension 47 has 
a slight damping effect, which is not very satisfac- 

20 tory. Accordingly, undesired sympathetic vibrations 
cannot be sufficiently restrained during the opera- 
tion, so that objective lens 41 cannot be positioned 
with ease. 

For this reason, also in this embodiment, the 
25 gaps between focusing coil 44 and permanent 
magnet 48 and between tracking coils 45 and per- 
manent magnets 50 are each filled up with 
viscoelastic substance 14 which contains magnetic 
particles. Thus, fine vibrations, such as sympathetic 
ao vibrations, produced in movable member 22 of the 
objective lens driving apparatus can be minimized. 
Since objective lens 41 can be positioned in an 
instant, moreover, the time for the access to the 
target information on optical disk D is reduced, 
as thus ensuring high-speed, high-accuracy control. 

Fig. 11 shows an objective lens driving appara- 
tus according to a fourth ombodiment of the 
present invention. The apparatus of this embodi- 
ment is constructed so that movable member 62 is 
40 connected to fixed portion 70 by means of four 
wires 63. This apparatus is driven in the same 
manner as the objective lens driving apparatuses 
according to the foregoing three embodiments. 
More specifically, the apparatus is driven by en- 
45 ergizing focusing coil 64 and tracking coils 65 to 
which magnetic force is applied by means of a 
magnetic circuit. The magnetic circuit is formed of 
a pair of inner yokes 67. a pair of outer yokes 69. 
and permanent magnets 68 fixed Individually to 
60 yokes 69. the inner and outer yokes protruding 
from base 66. Unless the straightness of wires 63 
and the parallelism between the wires are satisfac- 
tory, in the objective lens driving apparatus of this 
type, undesired vibrations are produced during the 
65 drive In the focusing direction (Y-dlrection) and the 
tracking direction (X-direction), so that the follow-up 
performance of objective lens 61 to trace optical 
disk D is lowered. 
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In the present embodiment, therefore, the gaps 
between focusing coil 64 and yokes 67 and be- 
tween tracking coils 65 and permanent magnets 68 
are each filled up with viscoelastic substance 14 
which contains magnetic particles. Thus, the afore- 
mentioned problems can be solved, and the objec- 
tive lens driving apparatus can enjoy very high 
controllability. 

The following is a further description of 
viscoelastic substance 14 which can be used in the 
various objective lens driving apparatuses de- 
scribed herein. In the above embodiments, the 
magnetic particles are first dispersed in a 
viscoelastic material, and the resulting substance is 
then made to gel. thereby ensuring accurate posi- 
tioning. Since the magnetic gap length is so short 
that it is difficult to locate the viscoelastic sub- 
stance with high viscosity in the magnetic gaps. In 
positioning the viscoelastic substance, therefore, 
the magnetic gaps are first filled before the viscos- 
ity of the substance becomes very high, and the 
substance is then allowed to gel. According to the 
present embodiment, the property of silicone gel 
that the bridging state of its molecules is changed 
by heating is utilized. After the heated viscoelastic 
substance is tentatively located in a desired posi- 
tion, it is heat-set in this position to obtain a de- 
sired viscosity. Naturally, the substance may be 
made to gel by any other methods, depending on 
the material. The magnetic particles can be dis- 
persed substantially uniformly In the viscoelastic 
substance when the viscosity of the substance is 
relatively low. 

Although it is advisable to disperse the mag- 
netic particles substantially uniformly, the effect 
shown in Rg. 4B can be obtained even when 
magnetic particles 15 are unevenly mixed with 
viscoelastic substance 14. Further, magnetic par- 
ticles 15 are not restricted to any predetermined 
size, and irregular particles may be used with the 
same result. 

If viscoelastic substance 14 used is adhesive, it 
cannot be slip out of the magnetic gaps even 
though it Is subjected to a tensile, compressive, or 
shearing force. Thus, a steady vibration damping 
effect can be expected. 

Viscoelastic substance 14 according to the 
present invention is not limited to the use In an 
objective lens driving apparatus. It can constitute a 
general vibration-proof apparatus if it is disposed 
between two or more objects which are displaced 
differently. 



Claims 

1. A viscoelastic substance, characterized in 

that: 



said viscoelastic substance includes a viscoelastic 
material (14a, 14b. 14) and magnetic material 15) . 
dispersed therein. 

2. A viscoelastic substance according to claim 
s 1, characterized in that said viscoelastic substance 

Is a substance whose modulus of elasticity irrevers- 
ibly changes depending on a temperature change. 

3. A viscoelastic substance according to claim 
1. characterized in that said viscoelastic material 

jo (14a. 14b, 14) is a material whose modulus of 
elasticity irreversibly changes depending on a tem- 
perature change. 

4. A viscoelastic substance according to claim 
1. characterized in that said viscoelastic substance 

is is electrically nonconductjve. 

5. A viscoelastic substance according to claim 
1, characterized in that said viscoelastic material 
(14a, 14b, 14) is electrically nonconductive. 

6. A viscoelastic substance according to claim 
20 1, characterized In that said magnetic material (15) 

is electrically nonconductive. 

7. A viscoelastic substance according to claim 
1. characterized in that said viscoelastic substance 
is adhesive. 

25 8. A viscoelastic substance according to claim 
1, characterized in that said viscoelastic material 
(14a, 14b, 14) is adhesive. 

9. A viscoelastic substance according to claim 
1, characterized in that said viscoelastic substance 

30 is a gel. 

10. A viscoelastic substance according to claim 
1, characterized in that said viscoelastic material 
(14a. 14b, I4)isagel^ 

11. A viscoelastic substance according to claim 
35 1. characterized in that said viscoelastic substance 

Is a gel consisting mainly of silicone. 

12. A viscoelastic substance according to claim 
1, characterized in that said viscoelastic material 
(14a, 14b, 14) is a gel consisting mainly of silicone. 

40 13. A viscoelastic substance according to claim 
1, characterized In that said viscoelastic substance 
is magnetized. 

14. A method of forming a viscoelastic sub- 
stance, characterized by comprising the steps of: 

46 dispersing magnetic material (15) in a viscous ma- 
terial (14a, 14b. 14); and 
changing the resultant material to gel. 

15. A method of forming a viscoelastic sub- 
stance, characterized by comprising the steps of: 

so dispersing magnetic material (15) in a viscous ma- 
terial (14a. 14b. 14); 

changing the resultanUtiaterial to gel; and 
magnetizing the gelled material. 

16. A method of forming a viscoelastic sub- 
55 stance, characterized by comprising the steps of: 

dispersing magnetic material (15) in a viscous ma- 
terial (14a, 14b. 14); 
magnetizing the resultant material; and 
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changing the magnetized material to gel. 

17. A method of forming a viscoelastic sub- 
stance, characterized by comprising the steps of. 
dispersing magnetic material (15) in a viscous ma- 
terial (14a, 14b, 14); and 5 
changing the resultant material to gel while mag- 
netizing the material. 

18. A method of using a viscoelastic substance 
including a viscoelastic material and magnetic ma- 
terial dispersed therein, said method characterized 10 
by comprising the steps of: 

arranging the viscoelastic substance between ob- 
jects which are relatively displaced; and 
applying magnetic field to the viscoelastic sub- 
stance. ' 5 

19. A method of using a viscoelastic substance 
including a viscoelastic material and magnetic ma- 
terial dispersed therein, said method characterized 
by comprising a step of arranging the viscoelastic 
substance between objects which are relatively dis- so 
placed within a magnetic circuit so as to absorb 
vibration of the objects. 

20. A method of using a viscoelastic substance 
including a viscoelastic material and a magnetic 
material dispersed therein, said method character- 26 
ized by comprising a step of arranging the 
viscoelastic substance between objects which are 
relatively displaced so as to absorb vibration of the 
objects. 

21. A method according to claim 20. character- a> 
ized by further comprising a step of changing the 
viscoelastic substance to gel after being disposed 

in a predetermined position. 

22. A method according to claim 21 , character- 
ized by further comprising a step of applying a 36 
magnetic field to the viscoelastic substance. 

23. A vibration reducing apparatus character- 
ized by comprising: 

a viscoelastic substance including a viscoelastic 
material (14a, 14b. 14) and magnetic material (15) 
dispersed therein; 

a first object in contact with the viscoelastic sub- 
stance; and 

a second object in contact with the viscoelastic 
substance and subject to a displacement different 
from that of the first object. 

24. An objective lens driving apparatus com- 
prising: 

an objective lens through which a light beam is 
applied to a predetermined position on an optical 
disk; 

a movable member holding the objective lens; 
a coil mounted on the movable member; 
a magnetic circuit for applying a magnetic field to 
the coil and driving the objective lens in a predeter- 
mined direction with respect to the optical disk; 
absorbing means arranged between the coil and 
the magnetic circuit, for absorbing vibration of the 



movable member; and 
characterized In that: 

said absorbing means includes a viscoelastic sub- 
stance (14a, 14b, 14) having magnetic material (15) 
dispersed therein. 

25. An objective lens driving apparatus com- 
prising: 

an objective lens through which a light beam is 
applied to a predetermined position on an optical 
disk; 

a movable member holding the objective lens; 
a coil mounted on the movable member 
a magnetic circuit for applying a magnetic field to 
the coil and driving the objective lens in a predeter- 
mined direction with respect to the optical disk; and 
absorbing means arranged between the movable 
member and a fixed portion, for vibration of the 
movable member; 
characterized in that: 

said absorbing means includes a viscoelastic sub- 
stance (14a, 14b, 14) which is under the influence 
of said magnetic field and has magnetic material 
(15) dispersed In the substance. 

26. An objective lens driving apparatus com- 
prising: .. . 
an objective lens through which a light beam is 
applied to a predetermined position on an optical 
disk; 

a movable member holding the objective lens; 
a coil mounted on the movable member; 
a magnetic circuit for applying a magnetic field to 
the coil and driving the objective lens in a predeter- 
mined direction with respect to the optical disk; and 
absorbing means arranged between the movable 
member and a fixed portion, for absorbing vibration 
of the movable member; 
characterized in that: 

said absorbing means includes a magnetized 
viscoelastic substance (14a. 14b, 14) having mag- 
netic material (15) dispersed therein. 

27. An apparatus according to any one of 
claims 24 to 26, characterized in that said 
viscoelastic substance (14a. 14b, 14) is obtained 
by dispersing the magnetic material (15) in a vis- 
cous material to gel. 

28. An apparatus according to any one of 
claims 24 to 26, characterized In that said 
viscoelastic substance (14a, 14b, 14) is a sub- 
stance whose modulus of elasticity irreversibly 
changes depending on a temperature change. 

29. An apparatus according to any one of 
claims 24 to 26, characterized in that said 
viscoelastic substance (14a, 14b, 14) is electrically 
nonconductive. 

30. An apparatus according to any one of 
claims 24 to 26. characterized in that said 
viscoelastic substance (14a, 14b. 14) is adhesive. 

31. An apparatus according to any one of 
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claims 24 to 26, characterized in that said 
viscoelastic substance (14a, 14b, 14) is a gel con- 
sisting mainly of silicone. 

32. An objective lens driving apparatus com- 
prising: 

a base; 

an objective lens through which a light beam is 
applied to an optical recording medium; 
a movable member holding the objective lens; 
supporting means for supporting the movable 
member to be movable In a predetermined direc- 
tion with respect to the base; 
magnetic field forming means fixed to the base, for 
applying a magnetic field in a predetermined direc- 
tion to the movable member; 
coil means fixed to the movable member and situ- 
ated in the magnetic field, for driving the movable 
member in said predetermined direction in 
cooperation with the magnetic field; and 
vibration absorbing means arranged between the 
coil means and the magnetic field forming means, 
for absorbing vibration of the movable member; 
characterized In that: 

said absorbing means includes a viscoelastic sub- 
stance (14a, 14b. 14) having magnetic material (15) 
dispersed therein. 

33. An apparatus according to claim 32. char- 
acterized in that said magnetic material (15) of said 
vibration absorbing means constitutes a magnetic 
flux path between the coil means and the magnetic 
field forming means. 

34. An apparatus according to claim 32, char- 
acterized in that said vibration absorbing means is 
held between the coil means and the magnetic 
field forming means by the magnetic attraction of 
the magnetic field acting on the magnetic material 
(15). 

35. An apparatus according to claim 32, char- 
acterized in that said movable member (2, 22, 42, 
62) is supported by the supporting means for 
movement along an optical axis of the objective 
lens (1, 21. 41, 61), and said coil means includes a 
first coll (9a, 9b, 31. 44. 64) wound around an axis 
parallel to the optical axis of said objective lens 
and adapted to drive the movable member along 
the optical axis. 

36. An apparatus according to claim 35, char- 
acterized in that said movable member (2, 22, 42, 
62) is supported by the supporting means to be 
rotatable around a central axis parallel to the op- 
tical axis, and said coil means includes a pair of 
second coils (10a, 10b, 28, 45. 65) arranged sym- 
metrically with respect to the central axis and 
adapted to cause the movable member to rotate 
around the central axis. 

37. An apparatus according to claim 36, char- 
acterized in that said magnetic field forming means 
includes a first yoke (11a, 11b, 67) fixed to the 



base (8, 66) and passe**, through the first coil (9a, 
9b, 65) with a predetermined gap between the first 
coil and the first yoke, and said viscoelastic sub- 
stance (14a. 14b, 14) is arranged between the first 
5 coil and the first yoke. 

38. An apparatus according to claim 37. char- 
acterized in that said magnetic field forming means 
includes a pair of second yokes (13a, 13b, 69) 
fixed individually to the base (8, 66) and facing the 

to second coils (10a, 10b, 65) corresponding thereto, 
and a pair of magnets (13a, 13b. 68) fixed individ- 
ually to the second yokes and facing the second 
coils with a predetermined gap between each said 
second coil and each said magnet, and said 

is viscoelastic substance (14a, 14b. 14) is disposed 
between each said second coil and each said mag- 
net. 

39. A magnetic driving apparatus comprising: 
a fixed portion; 

20 a movable portion movable relatively to the fixed 
portion; * 

magnetic field forming means for applying a mag- 
netic field to the movable portion; and 
vibration absorbing means arranged between the 
26 movable portion and the fixed portion, for absorb- 
ing vibration of the movable portion; 
characterized In that 

said absorbing means includes a viscoelastic sub- 
stance (14a, 14b, 14) arranged in the magnetic 
30 field and having magnetic material (15) dispersed 
in the substance. 
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